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Comprehensive in vitro proarrhythmia assay (CIPA)

Rechanneling the cardiac proarrhythmia safety
paradigm: A meeting report from the Cardiac Safety
Research Consortium

Phifip T. Sager, WD, FAUC, PAEA™ Gary Gintant, PhO. " 5. Rick Yumer, PRD. © Synil #oeie, MEAG * et
Norn Sockbeidge, MD, P05 Pl AR, CA: Noth Chicage t: Dhiriwame NG Was biagion, 1 sl Whoe Onk. Mt)

Am Heart J 12:565 (2014)

Goal:
Develop a new paradigm for cardiac safety evaluation of new drugs that

utilizes high throughput methods and provides a more comprehensive
assessment of direct proarrhythmic potential by:

v evaluating effects on multiple cardiac ionic currents beyond hERG

v provide a more accurate assessment of potential effects on human
cardiac electrophysiology

v focus on TdP proarrhythmia rather than QT prolongation
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The Current Trends and Issues
on ICH E14 & Cardiac Safety
in Japan
Hiroyuki Fukase, MD, PhD
CPC Clinical Trial Hospital
Medipolis Medical Research Institute

Date & time: 20 March 2014, 11:45-12:15
Venue: meeting room #208, GSK Japan

Integrated Cardiac Safety

Non-clinical Testing Strategy

e e | [T Chemicall |

In Vitro [ mvivoar ||| -

[ Assayn | Assay i '_1 Phamacological §

- & -] |___Class |

o e iy . Relevant Non- |
i Foliow-up | Integrated Risk |, cjinical and Ciinical |
_ Studies | Assessment | information |

Evidence of Risk

ICH S7B, 2005

Ideal Biomarkers

Sensitive &
Specific

Threshold of
Standardized Regulatory
Concern

Long-term
Clinical
Outcomes

-biomarker
Strategy
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Timeline of Cardiac Safety
Paradigm

E14 revised
or
abandoned
2

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

S7B
revised?

“New Paradigm”

proposed at
FDA/CSRC/HESI Think

Predictability of Preclinical and
Clinical Testing on CV Safety

Preclinical Predictability
« ICH STAIB * Proarrhythmic risk : sensitive
but not specific
+» CV Mortality ?
* Heart Failure ?
» Myocardial Infarction ?
+ Stroke ?

Integrated Cardiac Safety on Proarrhythmia

In Vitro IKr Assay Thorough QT/QTc
5 : Torsades de pointes
In Vivo QT Assay ER 5‘:,'3;'.?"1‘;"")
TV

CiPA

In silico Predictive Benign/Malignant
Modeling Evaluation in ECG ? Sudden Cardiac
Death

Long Term Effect



1st Think tank Meeting on Cardiac safety
2014 in Kirishima <Kirishima Meeting>

Clinical Pharmacology Working Group Members:

Hiroyuki Fukase, MD, PhD, CPC Clinical Trial Hospital

Maki Ito, RN, MD, PhD, MSD KK

Kaori Shinagawa, MD, PhD, PMDA

Yuji Kumagai, MD, PhD, Kitasato University

Koki Nakamura, MD, PhD, Takeda Pharmaceutical
Company Limited

Kinue Nishioka, PhD, PMDA

Philip T. Sager, MD, FACC, FAHA, Cardiac Safety
Research Consortium and Stanford University

Biomarkers of Dispersion of
Ventricular Repolarization

* It is well known spatial and temporal
dispersion of ventricular
repolarization are strongly related to

ventricular proarrhythima risk

Possible Algorithm Post-E14

Concentration-QT Analysis
Phase 1 Clinical Proarrhythmia Risk Assessment
Trial Starts

Medium to High Risk Low Risk

Risk-Benefit Analysis
(Benefit:Risk Ratio )

— Ratio_—

Low High

( Discontinued ) Careful ECG Assessment in Target
Populations in Phase 2 Clinical Trial
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Biomarker of Dispersion of
Ventricular Repolarization

* The short-term variability of
repolarization (STV)

* The beat-to-beat changes in
repolarization (monophasic action
potential in preclinical or QT in clinical)
duration are assessed

New Biomarkers to Detect Drug-
Induced Proarrhythmia

DRUGS
Spatial f Temporal |
Variability | Variability |

|

J / aif Sl
(PR = RR - 5TV J
». \ ] /

GENETICS . WM PHYSIOLOGY

What is the Significance of Early Phase
Assessment in Integrated Cardiac Safety

* Perfect prediction about clinical trial
results from preclinical data is not

possible
* Unanticipated findings might be observed

* Gatekeeper of human studies



Proarrhythmia Risk Assessment Proarrhythmia Risk Assessment

Step 1: + Step 1: quantification of proarrhythmia risk
uantification of proarrhythmia risk

& PR KT = £(5.T)

Step 2: * Kl : Proarrhythmia Risk (Kirishima Index)

risk benefit analysis S : Spatial Dispersion of Repolarization

* T: Temporal Dispersion of Repolarization

Proarrhythmia Risk Assessment Proarrhythmia Risk Assessment
KI=f£(S,T) KI=f(S,T)

 Biomarkers of S : T peak to end
« Klvap/ Klsap > 1 : trafficking disturbances

» Biomarkers of T : Short term variability of
repolarization

Matrix Chart for Decision Making Based on Proarrhytmia Risk Benefit Analysis

Virtual Clinical Trials Using
Emerging Technologies

* iPS cell derived cardiomyocytes

HIGH

Step 2: ¢ Multi-scale heart simulator such as UT-
risk-benefit ot
analysis | &

MEDIUM

» Advantages:
* No species differences

* Individual-derived iPS cells or individual
-specific simulator

Low

Low MEDIUM HIGH
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Virtual Clinical Trials Using

Emerging Technologies

Scale  Arrhythmias _lschemia Heart Failure

Gene [
i {DATA INTEGRATION|
Protein Genomics
Proteomics
Metabolomics
Molecutar
natuorks Bioinformatics
Organelle | FUNCTIONAL & STRUCTURAL INTEGRATION |
+ Reduced Models
Cell (Defining gent properties & system from
L one scale to the next)
Tissue Comprehensive Models
l {From protein to protoplasm across multiple scales)
Orgaritern 118:1202-1211

Rudy Y et al. Circulation, 2008;

iPS Cell Bank

Mvcuiar oysirophy ackat Tyoe
A BROARO T~

RIKEN
BIORESOURCE
CENTER CELL
BANK
(http:/www.brc.riken
ipfablcellipsips_

| diseaselistshtml)

Virtual Clinical Trials Using

Emerging Technologies

* It may be possible to accurately predict

ECG changes induced by the modu
in each ion channel activity in virtual

clinical trials

lations

« Can virtual clinical trials substitute for

real clinical trials?
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iPS Cell Bank

Schematic of an iPS cell bank

iPS cell bank for regenerat

http://ajw.asahi.com/article/behind_n
Transform into nerve, ews/social_affairs/AJ201112310003
heart muscle, retinal

and other cells

Virtual Clinical Trials Using
Emerging Technologies

Real population

Virtual population reconstructed from
individual-derived iPS cells

Virtual population reconstructed from
individual-specific heart simulator

it will enable us to derive predictive
modeling and simulations, and to
develop and test new therapies

Can Virtual Clinical Trials Substitute
for Real Clinical Trials?

* Complete substitution

e Partial substitution

* To optimize the design of real

trials



Thank you very much!

| appreciate all participants in the Kirishima Meeting for their contribution
to cardiac safety evaluation.
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Science

Sighaling

Long Term
Potentiation
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